Asthma morbidity has been increasing for Background -A study was undertaken to reasons not yet well understood.
The number of asthma admissions on each elsewhere. 14 16-18 Daily counts of asthma adIn addition to particles, NO 2 ICD-9 code 493 -were made for children (<15 lution mixture -may be important in divides paediatric from adult wards. The out-fluences of weather, epidemics and autocorrelation. The proper control of temperature come variable was not strictly the same among the cities: emergency room visits in Barcelona, and humidity was considered critical, and centre-specific models were developed. Most emergency hospital admissions in London and Helsinki, and total admissions in Paris. Data centres fitted a quadratic function of temperature (and humidity) and, in addition, inwere provided by governmental or municipal registers, except for Barcelona where the re-cluded dummy variables defining hot and humid days. In Paris a linear function was gister is part of ongoing studies. The admissions covered all hospitals in each city which admit selected after checking the data using spline functions. Pollutants were included in the medical emergencies, except for Barcelona where participating hospitals cover 90% of model at the last step. The adjusted relative risk (RR) of daily asthma admissions per 50 g/ emergencies. Completeness of diagnostic data in the registers was over 90% in all cities except m 3 of increase in air pollution was estimated. RR allows comparability of the association bein London where it rose from 73% to 95% during the study period.
tween centres of different sizes. Each centre determined for each pollutant a best fitting Air pollution exposure was measured at the city monitoring stations which provide an av-one-day result from either the same day or one of the three preceding days, and a best fitting erage for the entire city. Details of the monitoring sites, measurement methods, and cumulative result corresponding to the mean of the same day and the previous day, the same indicators can be found elsewhere. 14 17 18 20 Briefly, Barcelona and London had small net-day and the two previous days, or the same day and the three previous days. The selection works in the city centre covering street-type pollution -three and four stations, respectively, of the most sensitive lag day per centre was done because a delay can be influenced by local though in London only one measured O 3 and two NO 2 . In Paris there were four stations factors such as wind direction, size of the city, or location of the monitoring sites. 21 To simplify covering background type pollution (three of which were in the suburbs) and in Helsinki the meta-analysis each centre fitted a linear relationship between the pollutant and asthma the network monitored both types of pollution (eight stations, half in suburbs). Hourly and admissions for days below 200 g/m 3 . Separate regressions were fitted for the whole period, daily averages were obtained for SO 2 , NO 2 , and O 3 and eight-hour averages for O 3 . Particulate for the period in which heating was used (October to March), and for the warm period (April matter, also called black smoke, was assessed by reflectometry. Missing values at each station to September).
A combined estimate across cities was comsite, ranging from 5% to 20%, were replaced using the available measurements from the puted by taking the weighted average of the city-specific coefficients using inverse variance other monitoring sites following a common procedure. 21 There was no quality control pro-weights -that is, fixed effects model. 21 22 A 2 test for homogeneity of coefficients was pergramme within APHEA to ensure comparability of air pollution measurements, formed. If heterogeneity was present (p <0.20), though all countries conform to EU re-a random effects model was also estimated, quirements.
21
the weights incorporating the between cities Covariates were risk factors for attendance variance and the within cities variances. Only for asthma that vary on a day to day basis, analyses for O 3 required a random effects possibly in association with air pollution, such model. 23 as short term fluctuations in weather. Among Results the routine meteorological data, humidity and Table 1 presents a description of the daily temperature were the indicators selected based number of asthma admissions in Helsinki, Lonon previous epidemiological evidence. 13 Data don, and Paris, and asthma emergency room on influenza epidemics provided by epivisits for Barcelona. Daily numbers varied condemiological surveillance services were availsiderably from London to Helsinki, with Lonable in Barcelona and Paris. 18 20 In London daily don having the greatest weight in the joint admissions for influenza were used. 17 Soybean analysis and Helsinki the lowest. Air pollution epidemics were controlled for in Barcelona. 16 also varied between the cities (table 1). All the centres kept to a strict procedure in Although data were not strictly comparable the analysis agreed in advance by the APHEA because of local network characteristics, Bargroup to ensure the maximum degree of celona had the highest levels for all the polcomparability. 21 22 Poisson time series relutants except NO 2 and Helsinki the lowest. gression models were built up in each centre to Particle levels varied widely from London to exclude the long wavelength patterns, seasonal patterns, day of the week effects, and the in-Barcelona. 1 Single day lag: effects may be on the same day (0) or lagged up to three days (3). 2 Cumulative: effects of mean of same day and up to three previous days. * p < 0.025. † Adjusted for trend, seasonality, day of the week, temperature, humidity, and influenza epidemics.
In adults asthma admissions were positively smoke was higher during the winter ( fig 1A) , although the seasonal variation was not statassociated with black smoke, NO 2 , and O 3 , although the associations with black smoke and istically significant (p >0.1). The seasonal variation in levels of black smoke was not consistent O 3 were not statistically significant (table 2) . For black smoke a positive though non-stat-among cities -for example, in Barcelona the effect was stronger in the warm season while istically significant association was observed in all cities. The association with cumulative in London and Paris it was higher in the cold season -although none of these differences exposure was lower than one day association in some cities. Restriction to lag 0 in all cities was statistically significant. For O 3 a seasonal variation was not observed in the combined resulted in a very similar association (RR 1.020, 95% CI 0.983 to 1.057), but the combined analysis, but the association was significantly higher during the warm season in London and effect for lag 1 was lower (RR 1.007, 95% CI 0.972 to 1.045). For NO 2 the association was lower in Barcelona and Paris. Finally, SO 2 levels had no association with any season. consistently greater at higher time exposures in Barcelona, London and Paris, and it was
In children a positive association was observed for levels of SO 2 , black smoke, and NO 2 statistically significant overall. An increase in 50 g/m 3 of 24 hour average NO 2 levels led to an increase of 2.9% (95% CI 0.3% to 5.5%). Results for Helsinki were different, although not significantly so, from the other cities. The lags among cities were inconsistent, being either the same day or day 1 for daily average, and the previous day or day 3 for cumulative. However, the associations for lags 0 and 1 in all cities were very similar, the cumulative effect at lag 1 for all cities being 1.034 (95% CI 1.009 to 1.060). For O 3 local associations in Barcelona and London were positive and statistically significant, but significantly different from that in Paris (p <0.1).
The association for NO 2 did not show a seasonal variation in the combined analysis ( fig  1A) nor in individual cities in any of the time exposures assessed. Association with black tween cities in daily activity patterns of in- * p < 0.05.
habitants, climate, or the location of monitoring † Adjusted for trend, seasonality, day of the week, temperature, humidity, influenza epidemics, and the other pollutant in the model. sites that cannot be controlled for. In the case of O 3 , the low number of cities precluded the conduct of a weighted regression in order to adjust for city characteristics. For NO 2 and SO 2 (table 3). In London and Paris very similar associations were seen for SO 2 , black smoke, Helsinki showed a discrepant association. The statistical model used by the APHEA might and NO 2 , whereas in Helsinki there were contradictory results although the differences were explain this inconsistency. The current statistical strategy has been shown to be a robust not statistically significant. The combined association reflects mostly the findings for Lon-and sensitive method of removing seasonality in a standard way in a multi-city study comdon and Paris, since Helsinki contributed to less than 1% of the total variance. The strongest pared with more sophisticated non-parametric techniques. 24 However, the specification of the association was found for the 24 hour average of SO 2 (an increase of 50 g/m 3 in the 24 hour present regression models with a high number of parameters may have underestimated the average SO 2 level led to an increase of 7.5% (95% CI 2.6 to 13)). This association did not association in Helsinki, 14 a city with very few cases of asthma, since previous analyses in vary with the seasons (fig 1B) . The cumulative association was lower due to a different pattern Helsinki using more parsimonious models resulted in positive and significant associations. 25 26 of lags between London and Paris. As in adults, the association with black smoke was higher in Current discussions of the implications of temporal/ecological findings suggest that probwinter, though the variation with the season was not statistically significant. The association lems due to misclassification in exposure could not explain the present results. 11 12 27 A major for NO 2 increased consistently with increasing exposure time, but it varied with the season (p problem is the effect of confounding variables such as meteorological factors or unmeasured <0.1) being higher during the winter (RR 1.080, 95% CI 1.025 to 1.140). No association variables. Special effort has been made to control efficiently for humidity and temperature was found with O 3 levels in either the combined or individual city analyses, nor with any season. using centre-specific models. Among the unmeasured variables, pollen or other allergenic To test if the associations for individual pollutants remained after adjustment for other events could be responsible for part of the present association. However, the association pollutants, models including two pollutants were fitted (table 4). Adjustment for particles observed in cold seasons, when grass pollen levels are low, precludes in part such a conincreased the association for NO 2 in adults relative to the model with a single pollutant, founding. It is unlikely that indoor pollution from indoor sources confounds the present both for a one day lag and for the cumulative lag; in this model there was a reduction in the associations since day to day variations in indoor emissions are not correlated with outdoor association with black smoke. This occurred locally in London and Paris and in the com-air pollution.
The outcome variable is not strictly the same bined analysis. Similar findings were observed in children for the association with SO 2 levels. in all cities -emergency room visits in Barcelona, emergency hospital admissions in LonAdjustment of NO 2 for black smoke or SO 2 in children resulted in a different pattern between don and Helsinki, and total admissions in Paris -which creates problems of comparability and London and Paris. While in London the association with NO 2 levels increased and that uniformity. A minor problem is that emergency admissions could not be separated from total with black smoke or SO 2 levels decreased, in Paris the pattern was the opposite. admissions in Paris. On the basis of the analysis of the London data, it is likely that most of the asthma admissions in Paris were also emergency admissions. A potentially important Discussion Most previous studies of health effects at low problem is the inclusion of visits in Barcelona and admissions in the other cities. However, levels of air pollution have been carried out in the USA. 10 This combined standardised ana-the consistency of results between Barcelona group.bmj.com on April 19, 2017 -Published by http://thorax.bmj.com/ Downloaded from and London and Paris suggests that data could Southern Canada, 33 but not in others such as the western coast of North America. 28 Similarly, be aggregated.
The separation of the role of each pollutant we did not find a consistent pattern among the European cities. is limited since we used an environmental measurement of exposure. A single pollutant
Explanations for the role of the density of respirable particles on asthma exacerbations could act as a marker of a pollution mixture. Hence, NO 2 could be a marker of other pol-have been suggested, 2 but what is the plausibility that short term fluctuations in levels of lutants generated by vehicle exhausts such as particles. We have tried to separate the in-NO 2 or SO 2 could be related to asthma attacks?
In asthmatic volunteers, laboratory exposures dependent effects of pollutants using two pollutant models. These models, however, are to levels of NO 2 compatible with those observed in our cities (hourly peaks of more than 400 g/ limited by the collinearity among pollutants generated by the same source -that is, the m 3 occurred in Paris and more than 700 g/ m 3 in Barcelona and London) increased noncorrelation between black smoke and NO 2 ranged from 0.29 in Barcelona to 0.49 in Lon-specific 34 35 and allergen-specific 7 8 bronchial responsiveness and produced some cellular damdon. Collinearity may explain the change of sign of the coefficient of black smoke in the two age. In panel studies of asthmatic subjects ambient levels of NO 2 were related to a decrease pollutant models. An alternative explanation is that associations with NO 2 and SO 2 are in pulmonary function (peak flow). 36 37 This suggests that the observed association with amindependent of particle levels. Further research is required on exposure to mixtures including bient NO 2 levels in the general population may be plausible. SO 2 is a well known irritant 3 which NO 2 , SO 2 , and particles in volunteers in ambient air and in the laboratory.
has been found in chamber studies to affect asthmatic subjects, but at levels higher than Each centre selected the lag which gave the greatest effect instead of an a priori selected those observed in our cities. 2 10 However, only adults have been challenged in chamber studies lag in order to allow for local variations in environment, health system and monitoring and we only observed an association with SO 2 in children. In a general population panel study networks which might be associated with different lags. The selection of the best lag of children from six American cities an association between SO 2 and lower respiratory produced results which are difficult to interpret but have the advantage of incorporating local symptoms was postulated to be due to a confounding effect of fine particles. 38 We could not specificity. However, when combined coefficients were estimated for the same lag in all rule out this possibility which merits further investigation. cities the findings were essentially the same. The strategy followed increases the level of In summary, our results suggest a consistent impact of levels of particles and NO 2 on asthma statistical error due to the high number of models explored. Although chance could ex-admissions and of SO 2 levels on asthma admissions in children in the European cities. plain the association observed for particles (black smoke) in all cities, the consistency of The associations observed were weak (a 3% increase per 50 g/m 3 NO 2 ), though their imour findings with results from Seattle 28 and Utah Valley 29 in the USA suggests that this is pact could be important -for example, more than 50% of days in Barcelona and London unlikely. The association we observed is weaker than that in the US studies. This could be were above 50 g/m 3 . More controversial is the finding that associations of asthma with O 3 explained by the use of black smoke as the indicator of particles, since presumably the levels varied with the cities and seasons, possibly due to a local variation in levels of this proportion of unmeasured biologically active non-black particles varies on a day-to-day basis. pollutant. This study reinforces the possible role of particles on asthma attacks, although For NO 2 and SO 2 the associations observed are unlikely to be due to chance -that is, a they should be interpreted with caution because of a lack of statistical significance and results statistically significant increased risk for NO 2 was present in both age groups in all the cities from the two-pollutant models. The results indicate that NO 2 , by itself or as a constituent except Helsinki in a consistent gradient according to the time of exposure and in both of traffic exhaust fumes, may be important in exacerbations of asthma, and that current levels seasons in adults; the association for SO 2 in children was highly significant -but only some of SO 2 may still be harmful to susceptible children. of the previous population studies have reported similar associations. Only previous studThe APHEA project was supported by the European Comies in Barcelona and Helsinki using the same mission, DGXII, Environment 1991-94 programme (contract data as in the current analysis but with a differ-number EV5V CT92-0202, scientific responsible Dr C Nolan).
The APHEA collaborative group consists of: K Katsouyanni, ent methodology, 15 25 and a recent analysis in piratory infections in relation to SO 2 in K Fandakova (Slovakia). children 31 and in children with asthma. 32 Ozone has previously been found to be associated
